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induced by carcinogens, but some authors report conflicting and then allocated into groups receiving black tea, green evidence (2,11-13). Similarly, contradictory results have been tea or red wine extracts mixed in the diet at a dose of 50 reported on the effect of polyphenol extracts from black tea mg/kg body weight for 16 weeks. In the rats treated with on experimental colon carcinogenesis (5, 14) . black tea or wine extracts, there were significantly fewer Given these results and the fact that, in developed countries, colorectal tumours than in controls (the mean ⍨ SE number where colon cancer is one of the most common neoplastic of tumours/rat was 2.54 ⍨ 1.6 in controls, 1.54 ⍨ 1.4 in diseases, black tea and other beverages, such as red wine, may the black tea group, 3.2 ⍨ 1.9 in the green tea group and be significant sources of polyphenols, we thought it important 1.63 ⍨ 1.6 in the wine extract group). Significantly fewer to ascertain whether polyphenol extracts from black tea, rats in the black tea and wine extract groups had adenomas green tea and red wine affect azoxymethane (AOM)-induced than in controls (86%, 59%, 90% and 50% of rats in the intestinal carcinogenesis in rodents. Since it has been suggested control, black tea, green tea and wine extract groups, that chemopreventive factors may act by increasing apoptosis respectively, had adenomas). The tumours from the black in tumours and in the colonic mucosa (15-17), we also tea group and, to a lesser extent, those from the wine determined whether this parameter was affected in the colon group, had a significantly greater apoptotic index than mucosa and in tumours in rats treated with polyphenols. tumours in controls (mean ⍨ SE apoptotic index: 2.92 ⍨ 0.25, 4.13 ⍨ 0.46, 2.88 ⍨ 0.30 and 3.72 ⍨ 0.46 in controls, Materials and methods black tea, green tea or wine extract groups, respectively). In contrast, the apoptotic index of the normal mucosa did Introduction pool of chemicals present in wine was eluted with 90% ethanol in water, Although genetic background plays a role in the aetiology of concentrated by vacuum, evaporation and atomized. The WE, analysed by High Performance Liquid Chromatography-Diode Array Detector (HPLChuman colon cancer, epidemiological and experimental studies DAD) as described earlier (18) (19) . The phenolic composition of the WE powder was ments for human use. similar to that of the initial wine. WE also contained about 5.0% polysaccharides and 2.8% proteins.
Among potentially chemopreventive food components, Green tea (GT) and black tea (BT) extracts were provided by Unilever Research (Colworth Laboratory, Sharnbrook, Bedford, UK). The extracts were 'decaffeinated' total tea solids and had the following composition (green Abbreviations: AI, apoptotic index; AOM, azoxymethane; BT, black tea; GT, green tea; WE, wine polyphenolic extract.
tea): 1.91% gallic acid, 0.39% theobromine, 5.76% epigallocatechin, 1.44%
catechin, 1.07% caffeine, 4.03% epicatechin, 13.11% epigallocatechin gallate, observer on coded samples and quantified as the apoptotic index (AI), i.e. the number of apoptotic cells/cells scored ϫ100. 0.87% gallocatechin gallate, 7.96% epicatechin gallate. These compounds account for 36% of the total green tea solids present in a water extract, a
Statistical evaluation of the data value similar to that reported by Wang et al. (7). The composition of
Comparisons among the treated and control groups were performed using the the black tea extract was: 2.93% gallic acid, 0.45% theobromine, 0.7% analysis of variance for quantitative continuous responses (P-level fixed at epigallocatechin, 0.61% catechin, 0.23% caffeine, 1.76% epicatechin, 2.44% 0.05, two-sided) and multiple comparisons, by taking the control group as a epigallocatechin gallate, 0.16% gallocatechin gallate, 2.55% epicatechin gallreference (24). When the response analysed was the occurrence of tumours, ate, 0.32% theaflavin, 0.83% theaflavin 3-methylgallate, 0.36% theaflavin-3Ј-a Poisson regression model was fitted to the data. We tested the presence of methylgallate and 1.01% theaflavin digallate.
overdispersion by maximum likelihood, using the negative binomial model to Animals take multiple occurrences per rat into account (25) . Descriptive summaries as We used 4-5 week old male F344 rats (Nossan, Correzzana, Milan, Italy).
number, mean and standard error, are provided. The animals were housed in plastic cages with wire tops and bottoms and maintained at a temperature of 22°C, with a 12 h light-12 h dark cycle,
Results
according to the European Union Regulations on the Care and Use of Laboratory Animals (20) . The experimental protocol was approved by the The mean Ϯ SE weight of the rats at the beginning of the Commission for Animal Experimentation of the Ministry of Health, Rome, experiment was 102.7 Ϯ 0.9 g (n ϭ 99). Ten weeks later, Italy. After their arrival from the supplier, animals (n ϭ 99) were quarantined for 1 week, during which time they were fed a standard lab chow. They were after AOM, the mean Ϯ SE weight was 274.7 Ϯ 2.3 g (n ϭ then shifted to a high-fat diet, the composition of which was based on the 92). The animals were then randomly allocated into different Table I . These results pattern of growth; adenomas were classified on the basis of their microscopic architecture as tubular, tubulovillous and villous according to Morson et al. indicate that the rats treated with BT and WE had fewer (Table II) . Rats treated with WE also had fewer adenomas apoptosis: cell shrinkage, loss of normal contact with adjacent cells of the crypt, chromatin condensation or formation of round or oval nuclear fragments than controls, but this difference was not statistically significant ('apoptotic bodies'). When clusters of more than one apoptotic body were (P ϭ 0.078). The number of cancers/rat showed a similar seen within the diameter of one cell, these bodies were considered as fragments trend, although not statistically significant. of one apoptotic cell. Tumour apoptosis was determined by scoring at least
In the BT and WE groups, we also found a lower incidence 1000 cells for the presence of apoptotic cells; these were coded as described above. In tumours and colon mucosa, apoptosis was scored by a single of intestinal adenomas (P Ͻ 0.05 and P Ͻ 0.01 in the BT and they reported a reduction in AOM-induced preneoplastic lesions in the colon. In a later long-term carcinogenesis experiment (5), the same authors did not contain a protective whereas we found a mixture of adenomas and cancers. In our 3-methyl-imidazo (4,5-f)quinoline (14, 26) . Therefore, it is possible that the inhibitory effect of black tea polyphenols is more evident in the early stages of colorectal carcinogenesis WE groups, respectively) (Table III) , while the incidence of intestinal cancers and ear tumours was similar among the (the formation of aberrant crypt foci and adenomas), while advanced lesions are refractory to inhibition by polyphenols. different groups.
The level of dysplasia in the adenomas, their dimensions In the present study we also found that green tea polyphenols did not affect colon carcinogenesis. Yamane et al. (2) reported and the level of cancer invasiveness were not different among the different groups (data not shown).
that green tea was protective against colon carcinogenesis induced by AOM; they administered tea extracts in drinking Since it has been suggested that an increase in apoptosis may account for the chemopreventive effect of some substances water at a dosage roughly equivalent to 10-100 mg polyphenols/kg body weight (2,12). A similar protective effect of a in colon carcinogenesis (16,17), we studied the level of apoptosis in both tumours and in the normal colonic mucosa.
green tea extract was found in N-methyl-N-nitrosourea-induced colon carcinogenesis by Narisawa et al. (11), who administered The results (Figure 1) showed that the tumours from BTtreated rats had a higher AI (P Ͻ 0.05) than those from tea in drinking water to rats at different doses (6-150 mg tea extract/kg body weight). At variance with previous studies in controls; WE tumours had a slight, but not significant, increase in AI; apoptosis in GT-treated tumours was similar to controls.
which tea extract was administered as a drink (2,5,11,12,14), we administered a dried polyphenol powder with the food, a At variance with these results, the AI in the normal colonic mucosa did not vary in the different groups, the mean Ϯ SE protocol that has been adopted in several chemoprevention studies of colon carcinogenesis (3,15,16) and, most importantly, being 0.24 Ϯ 0.02 (n ϭ 16), 0.25 Ϯ 0.02 (n ϭ 17), 0.21 Ϯ in previous experiments showing a protective effect against for eliminating cells with a high level of DNA damage (15) . With an approach similar to that used in the present study it tumour induction by red wine total extracts (9). Although it is possible that this decision could have affected the results, was demonstrated that chemopreventive substances such as sulindac, curcumin, phenylethyl-3-methylcaffeate and 6-green tea extracts, administered in drinking water, have been reported to increase AOM-induced colon carcinogenesis (13) .
phenylhexyl isothiocyanate increase apoptosis in experimentally induced colonic tumours (15) , suggesting increased The discrepancies among all these studies, including ours, could be due to the variable composition of the tea preparations apoptosis as a mechanism of chemoprevention (16). The results reported here indicate that polyphenol-rich used in different experiments. Catechins, which are thought to be anticarcinogenic, were present at high concentrations (75%) extracts from black tea and red wine inhibit colon carcinogenesis induced by AOM in rodents. Whether such an effect in the work of Yamane et al. (2), but at lower concentrations (33.2%) in our green tea extract. Yet, the concentration of is relevant for humans is not known. A recent prospective cohort study (30) has shown that regular consumption of black catechin in our extract (~26%) was similar to that used in other studies in which a protective effect on chemical tea significantly reduces the risk of colon cancer, although previous epidemiological studies did not show strong associcarcinogenesis was documented (7, 8, 12) . It should also be noted that most of the published studies on green and black ations between the consumption of black tea or wine and colorectal cancer (1). tea did not use decaffeinated extracts (2,5,13). Decaffeination could alter the effectiveness of polyphenols, as documented
In conclusion, we demonstrated that polyphenols of widely consumed beverages could inhibit colon carcinogenesis and in skin carcinogenesis (8). Given the complexity of tea composition, it is obvious that more studies are needed to identify we suggested that such compounds might be effective in inhibiting carcinogenesis in humans. It will now be important individually active components of these mixtures and to determine the possibility of antagonistic or synergistic effects.
to obtain information on the biological activity of individual components in the complex mixture of polyphenols present in In the present paper we also reported that wine polyphenolic extracts partially inhibit the induction of colorectal carcinogenwine and tea. esis by AOM. The alcohol-free polyphenolic extract from red wine used in the present experiments contained monomeric
